STUDY QUESTION: Can all types of testicular germ cells be accurately identified by microscopy techniques and unambiguously distributed in stages of the human seminiferous epithelium cycle (SEC)?
Introduction
Germ and somatic cells of the seminiferous epithelium (SE) and their synchronic distribution along spermatogenesis have been evaluated over the years in many species (reviewed in Clermont, 1972; Russell et al., 1990) . The main studies involving human spermatogenesis were performed around the 60s by Clermont and colleagues (Clermont, 1963 (Clermont, , 1966a Heller and Clermont, 1964; Heller et al., 1969) , who described germ cells, spermatogonial kinetics and cell renewal. They settled that specific germ cells associations took place in a given segment of a SE over time, called stages, and that the further arrangement of such stages in a logical sequence of development characterized the SE cycle (SEC). The SEC in man consists of six randomly arranged stages, with more than one stage observed in a given tubule cross section (Clermont, 1963; Heller and Clermont, 1964) . This 1960s data base is currently used as the main reference for morphological evaluations of human testes.
Precise morphological characterization of germ cells and their normal arrangement within the SE rely on methods of fixation, embedding, staining and visualization. Thus, the use of accurate morphological approaches provides the baseline for studies involving testicular homeostasis, enabling better interpretation of histopathological findings to support clinical interventions (Amann, 2008) . The current descriptions of germ cell features in man were based on early works using hematoxylin and eosin stained paraffin sections prepared from Zenker-formaldehyde fixed testes (Clermont, 1963; Heller and Clermont, 1964) . However, because of technical limitations, such pioneer studies were not able to depict the exact morphological distinctions among stages and their reliable frequencies along the SEC, which are essential to better understand the behavior of human spermatogenesis. Given the lack of accuracy in recognizing germ cells and separating them into stages, associated with the random distribution of these stages, the stages of the SEC have been barely used for histopathological evaluations of human testis.
Many studies focused on spermatogenesis of other mammals species, have highlighted the importance of using the SEC stages to better understand the kinetics of the SE (de Rooij, 1988; Meistrich and Hess, 2013) . However, the difficulties in employing such classification method led most studies involving the human testicular histopathology to evaluate the spermatogenesis injuries in a static way in relation to an epithelium that develops dynamically and cyclically (Takagi et al., 2001; Maymon et al., 2002 Maymon et al., , 2003 Hentrich et al., 2011) . That is the reason why some have claimed for the need of the revaluation of the human SEC (Ehmcke and Schlatt, 2006; Amann, 2008) . In this sense, application of more refined methods are required to better distinguish each germ cell and its position along the SEC, which will allow a more precise evaluation of the overall spermatogenesis and further studies of spermatogonial renewal and kinetics.
A combination of approaches such as glutaraldehyde/osmium fixation, epoxy resin embedding and semithin sections (1 µm thickness) has been applied to obtain a high-resolution view of the testicular parenchyma for refined morphological studies, a method known as high-resolution light microscopy (HRLM) (Chiarini-Garcia and Meistrich, 2008) . Such methodological strategy enabled precise description of the germ cells and their positioning in the SEC of rodents and dogs (Russell et al., 1990) , evaluation of the spermatocyte movement during spermatogenesis (Russell and Clermont, 1977) , definition of spermatogonial ontogeny (Drumond et al., 2011) and morphology (Holstein and Roosen-Runge, 1981; Chiarini-Garcia et al., 2003) and the first description of the spermatogonial niche in mammals . Although previous studies used similar methodological procedures to evaluate the human testis at cytological high-resolution level under light microscopy (Johnson et al., 1992; Muciaccia et al., 2013; Chiarini-Garcia et al., 2017) , there is still lack of accurate and definite information regarding germ cells morphology and their arrangement and limits among the six stages of the human SEC.
In the present work, we used HRLM and transmission electron microscopy to study in detail the morphology of all human germ cells at the spermatogonium, spermatocyte and spermatid steps. By performing a comprehensive study, we provided, for the first time, a highresolution characterization of these cells with identification of specific morphological features. Moreover, based on Clermont (1963) and Heller and Clermont (1964) propositions, new germ cells associations within six stages have been proposed.
Materials and Methods

Ethical approval
Sample collections were approved by Ethical Research Committee (COEP) from Universidade Federal de Minas Gerais (ETIC no. 032/04 and no. 117/07). All patients were previously informed about the research purpose and formally agreed to donate the organ or biopsy.
Sample collection
Open testes biopsy from three adult patients (34 ± 3 years old) with congenital bilateral absence of the vas deferens and testes from three elderly patients (77 ± 6 years old), orchiectomized due to prostate cancer and not submitted to any treatment, were collected at the University hospital (Hospital das Clínicas of Universidade Federal de Minas Gerais).
Tissue preparation
Testes fragments were fixed by immersion in 5% glutaraldehyde (EMS, biological grade) in 0.05 M phosphate buffer (pH 7.3) for 1 h. Smaller pieces (1-2 mm thickness) were obtained from the surface of the fragment and additionally fixed for 24 h. This procedure intended to avoid disorganization of the human testis and fragmentation of the SE, as previously described (Clermont, 1963; Cooperberg et al., 2005) . Subsequently, the fragments were post fixed in reduced osmium (1% osmium tetroxide and 1.5% potassium ferrocyanide in distilled water) for 90 min, dehydrated in ethanol, and routinely embedded in araldite epoxy resin (Chiarini-Garcia and Meistrich, 2008) . Semithin sections (1 µm thick) were stained with toluidine blue/sodium borate for HRLM, whereas ultrathin sections (60 nm thick) were used for transmission electron microscopy (TEM).
Image acquisition for HRLM and TEM
HRLM images of all germ cells were acquired with a digital Q-Color three camera coupled to an Olympus BX-51 microscope (Olympus, Tokyo, Japan), using the software Image-Pro Express (Media Cybernetics, Rockville, MD, USA) adjusted for black and white and with 100× objective (1.4 NA) and 3.3× projective associated to a green filter (550 nm) to enhance cytological details. At least 300 digital images were taken from all germ cells along the VI stages of the SEC, as previously described by Heller and Clermont (1964) . The germ cells were grouped into three distinct phases: (i) proliferative or spermatogonial (types A dark , A pale and B spermatogonia), (ii) meiotic or spermatocytary (preleptotene, leptotene, zygotene, pachytene and diplotene primary spermatocytes, secondary spermatocytes and meiotic divisions) and (iii) differentiation or spermiogenic (S a1 , S a2 , S b1 , S b2 , S c1 , S c2 , S d1 and S d2 spermatids).
Seminiferous tubules with the desired stages were previously selected under HRLM and trimmed to obtain ultrathin sections. TEM images were obtained with a Tecnai G2-12-Spirit Biotwin FEI electron microscope using the software Tecnai Image Analysis (FEI, Hillsboro, OR, USA).
HRLM images were adjusted to resolution (600 dpi), sharpness (amount of 140%; radius set at seven pixels and threshold set at 0.0) and contrast/gray Figure 1 Stage I of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages I and II is indicated. Some cellular aspects are also shown by transmission electron microscopy.
level (sigmoid curve-input 150 and output 180). For TEM, the images were adjusted to resolution (600 dpi), sharpness (amount of 60%; radius set at three pixels and threshold of 0.0) and contrast/gray scale (sigmoidal curve). All images and figures settings were performed using Adobe Photoshop and Adobe Illustrator software (Adobe System, Inc., Mountain View, CA, USA), respectively.
Histopathological scores of spermatogenesis
Three different scoring methods commonly used in andrology were used in order to evaluate spermatogenesis. The first one is currently used at pathological anatomy laboratories, which classifies the patients according to five patterns of alterations of spermatogenesis: normal, hypospermatogenesis, germ cell arrest, Sertoli cell only and fibrosis (Levin, 1979; reviewed by McLachlan et al., 2007) . The second method used was the Johnsen's score (Johnsen, 1970) , which classifies the spermatogenesis alterations in 10 scores, with more detailed information than the five standard scores, separating hypospermatogenesis and maturation arrest in subtypes. Finally, the score of Bergmann (Bergmann et al., 1994 ; reviewed by Bergmann and Kliesch, 2010) , which assesses changes in spermatogenesis regarding the presence of elongated spermatids in the testicular parenchyma. At least 100 cross-sectioned seminiferous tubules were scored by patient for each method.
Nuclear measurement
A total of 10 nuclear diameters (mean value of two perpendicular axis) for each spermatogonial subtypes and spermatocytes were measured using Figure 2 Stage II of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages II and III is indicated. Some cellular aspects are also shown by transmission electron microscopy.
Image J software (National Institutes of Health, Bethesda, MD, USA), after standardization with a micrometric ruler. Only the biggest nuclei profiles of each germ cell types were measured. Additionally, since S a1 spermatids and secondary spermatocytes are morphologically similar, the nuclear diameters of both germ cells were measured and compared to avoid misinterpretations.
Relative duration of each stage of the SEC
The SEC frequency was determined from a total of 228 seminiferous tubule sections, randomly chosen, from all patients through the use of digital images of transversal, oblique and longitudinal sections of the seminiferous tubules. The precise limits of each stage within the SE were drawn, employing the Image J software, since there could be more than one stage per section. The total area of the SE was determined as well as the total area equivalent of each of the VI stages, enabling the determination of their frequencies (%). When mixed cells and lack of some germ cell types were observed in the SE, the stage determination considered the spermatid type followed by the presence of type B spermatogonia and finally the predominant spermatocyte.
Image drawing
The most typical germ cells from each stage of spermatogenesis, obtained from HRLM digital images as model, were drawn in tracing paper with pencils (4B-9B). Afterwards, these images were scanned (1200 dpi) and assembled in VI stages to form the map of the human SEC. Figure 3 Stage III of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages III and IV is indicated. Some cellular aspects are also shown by transmission electron microscopy.
Statistical analysis
Frequencies throughout the spermatogonial stages were tested for normality prior to analyses, using the univariate procedure of the Statistical Analysis System (SAS Institute, Cary, NC, USA). Data were analyzed as a randomized design and the statistical model included man as fixed factor and frequency as random factor. Treatment effects on frequency were analyzed using the general linear model (GLM) procedure of SAS. Least squares means were compared using the Student's t-test with P < 0.05 considered significant. In Tables and graphics, data are reported as least squares means and the pooled SEM.
Results
Histopathological scores of spermatogenesis
First, to validate our histological study, testes of adult and elderly patients were compared by the three different scoring methods that have been currently applied in andrology for histopathological evaluations (Johnsen, 1970; Levin, 1979; Bergmann et al., 1994) . Concerning the patients' age, our results showed no statistical differences among them (Supplementary data, Fig. S1 ). Levin's and Johnsen's scores, Figure 4 Stage IV of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages IV and V is indicated. Some cellular aspects are also shown by transmission electron microscopy.
which consider the spermatogenesis as a whole process, showed that, regardless of age, patients can be classified as normal or with some small degree of depletion. Of note, although Bergmann's score, which takes into account the tubules containing elongated spermatids, showed similar results between ages, these scores were slightly lower and more variable in the elderly compared with the adult men, likely due to some normal age-related depletion.
Identification of germ cell features under HRLM
Next, we applied HRLM to characterize germ cells at light microscopy level. One of the advantages of this approach is that it enables a clear observation of nuclear features. This is essential to identify germ cells. Thus, based mainly on nuclear characteristics, all germ cell types were morphologically identified both individually and along the three phases of spermatogenesis (proliferative or spermatogonial, meiotic or spermatocytary and differentiation or spermiogenic). The main morphological characteristics of each germ cell, from the stem cell (A dark ) up to the most mature elongated spermatid (S d2 ), are described in details in Figs 1-6. Additionally, some cellular aspects are also shown by TEM. Germ cell nuclear diameters (up to S a1 spermatid) are shown in Fig. 7 .
Type A dark and A pale spermatogonia, present along all six stages of the SEC, are morphologically distinct between each other throughout all six stages once they have typical nuclear morphology (Figs 1-6 ). On the other hand, type B spermatogonia (Figs 1 and 2 ) and preleptotene Figure 5 Stage V of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages V and VI is indicated. Some cellular aspects are also shown by transmission electron microscopy.
primary spermatocytes (Fig. 3) may have some morphological similarities and attention should be paid in their identification to avoid misclassification. In the meiotic phase, early leptotene nucleus (Fig. 4) showed thin and light threads of chromatin while in the late zygotene (Fig. 6) , chromosomes become thicker and darker due to their pairing. However, in some SE sections leptotene and zygotene distinction may be difficult due to their similar chromatin morphology (Fig. 5) . Pachytene spermatocytes were progressively increased in size and their chromatin became gradually thicker and darker (Figs 1-5) . Diplotene spermatocytes, meiotic division and secondary spermatocytes present peculiar morphology (Fig. 6 ) and may be associated within the same region of the SE. Spermatids differentiation with progressive acrosomal formation and nuclear changes, from round (S a1 , just after the second meiotic division) up to elongated (S d2 , at spermiation) spermatids was described under HRLM and their details are showed in Figs 1-6.
Staging and frequency based on germ cell morphology
Having identified all germ cells in detail, they were next distributed in six repeated associations, in an attempt to maintain the criteria established by Clermont and colleagues (Clermont, 1963; Heller and Clermont, 1964) . We wondered if by using morphological features of Figure 6 Stage VI of human seminiferous epithelium cycle based on morphological features of testis germ cells, from spermatogonia up to spermatids under high-resolution light microscopy. The limit between stages VI and I is indicated. Some cellular aspects are also shown by transmission electron microscopy.
germ cells revealed by HRLM we could redefine the limits of each stage thus leading to a more reliable determination of the SEC in man. Indeed, our data demonstrated that morphological aspects of germ cells at high resolution were very useful to define boundary. For example, the limits between type B spermatogonia and preleptotene spermatocytes, which is currently distinct due to the presence of morphologically homogeneous nucleus, can now be well-defined by their peculiar euchromatin, heterochromatin and nucleolar features. These results are presented in Figs 1-6 (detailed individual stages description) , Fig 8 ( map of the SEC) and Fig 9 (decision key) .
Of note, type A spermatogonia (A dark and A pale ) were not useful to determine stages once they were observed along all six stages of the SEC (Figs 1-6 ). On the other hand, type B spermatogonia can help staging since they were seen in stages I and II (Figs 1 and 2) . Early primary spermatocytes were seen in specific stages as preleptotene in stage III (Fig. 3) , leptotene in stage IV (Fig. 4) , leptotene/zygotene in stage V (Fig. 5) and zygotene in stage VI (Fig. 6) . Pachytene spermatocytes were observed in stages I-V (Figs 1-5 ) while diplotene spermatocytes, meiotic divisions and secondary spermatocytes were seen only in stage VI (Fig. 6) . In general, the germ cell positioning in the six stages was usually similar to what has been previously described in former studies. The exceptions rely on leptotene and zygotene spermatocytes, which were very similar in stage V, thus impossible to be differentiated.
Staging and frequency based on acrosomal system
Because HRLM showed unprecedented morphological details of spermatids, we next sought to define the boundaries between some SEC spermatogonia; Pl, preleptotene spermatocyte; L, leptotene spermatocyte; Z, zygotene spermatocyte; P, pachytene spermatocyte; D, diplotene spermatocyte; M, meiotic division; 2°, secondary spermatocyte; S a1 , S a2 , S b1 , S b2 , S c1 , S c2 , S d1 , S d2 spermatids. stages in man based on acrosomal system. We found that stages I-IV may be, for the first time, accurately ranked following differentiation/ development of the acrosomal system. The first two stages (I and II) have both rounded (S a1 and S a2 ) and elongated (S d1 and S d2 ) spermatids. The distinction between stages I and II is based mainly on acrosome morphology (Figs 1 and 2 ) and also the height of the S d1 and S d2 spermatids into the SE. Intermediate stages (III and IV) have only rounded (S b1 ) or elongating (S b2 ) spermatids, respectively, in which they are distinguished by nuclear shape and peculiar acrosomal morphology (Figs 3 and 4) . Stage II is the time in which spermiation occurs. Stages V and VI cannot be classified exclusively based on spermatid morphology, as S c1 and S c2 elongated spermatids are morphologically similar. In this way, the distinction between these stages is secured by the help of spermatocyte identification (Figs 5 and 6 ). Stage VI is classified by the presence of diplotene spermatocytes, secondary spermatocytes and meiotic divisions I and II. Stage V lacks a well-defined identity since the nucleus of elongated spermatids (S c1 ) is in the final condensation, leptotene and zygotene are not well differentiated and pachytene does not have enough morphological features to set the stage. However, as stage IV and VI are well-defined, stage V would be morphologically classified by exclusion.
Finally, after cell recognition and stage settling into six well-defined cellular associations, their frequencies were determined and summarized in Table I . It was observed that stages I, III, IV and V represented individually~20% of the SEC, while stage II represented~13% and VI,~2 %. Moreover, it was observed that stages frequency did not change with aging (Fig. 10) .
Taken together, our findings demonstrated that high-resolution morphological aspects of germ cells can be used to precisely define the limits among the stages of the human SEC with implications for understanding the testicular parenchyma kinetics.
Discussion
While of recognized importance, SEC stages have been underappreciated as baseline for morphofunctional studies of the human testicular parenchyma because of inappropriate SE preservation, incomplete morphological identification of germ cells and random distribution of these cells in the SEC. Here, we provided, for the first time, a highresolution characterization of testicular germ cells and proposed new six stage-specific germ cell associations bringing a novel view of human SE architecture. In addition to precisely identifying the morphological development of nuclear spermatids and their acrosomal system, by the use of HRLM we also identified morphological features of all three generations of human spermatogonia (A dark , A pale and B spermatogonia) and preleptotene primary spermatocytes. For instance, in contrast to what has been described recently using a similar method (Muciaccia et al., 2013) , in the present study the nuclear characteristics of preleptotene spermatocyte were promptly distinguished from type B spermatogonia. Thus, our findings can contribute to the advance of studies in which morphological identification of all germ cells, mainly spermatogonial subtypes, is required such as those focused on spermatogenesis kinetics in man under normal and pathological conditions. Indeed, failure in distinguishing human spermatogonial lineage cells by both morphological and molecular approaches has led to lack of information on the behavior of these cells (reviewed in Ehmcke and Schlatt, 2006) . Some of the difficulties in studying the human SEC originate from poor stage delimitation. In most mammals, cross-sections taken from each seminiferous tubule show only one SEC stage (Russell et al., 1990) . However, in some primates, including man, more than one stage can be observed in a single cross-sectioned tubule once they are randomly distributed along the length of the seminiferous tubules (Johnson, 1994; Johnson et al., 1996) . Taking into account this random arrangement of stages the use of transversal cross-sections of seminiferous tubules exclusively is not justified. Because of this, here we used seminiferous tubules cut in any position to determine stage frequencies. Moreover, to validate our data, we used patients from different ages. Our findings showed that stage frequency was quite homogeneous among these patients, demonstrating repeatability and validating our method as reliable to determine the stage frequency in species in which stages are randomly distributed. Additionally, we demonstrated that the possibility to evaluate seminiferous tubules sectioned in any position allowed the use of testicular biopsies for stage frequency, once the obtained values were similar to those obtained after orchiectomy. As biopsy samples are generally small, and therefore show limited number of cross-sectioned seminiferous tubules, these samples have not been used for further morphofunctional studies. Thus, even small testicular biopsies samples may have a valuable source of seminiferous tubules for a confident testicular evaluation.
Considering the controversies on distribution of human germ cells in six or more SEC stages (Amann, 2008; Muciaccia et al., 2013) , our present data led us to maintain the six stages, as originally proposed by Clermont (1963) but with better definition of each stage limits. In fact, with improved morphological identification of germ cells, as described here, we uncovered a better association of these cells within the six stages. For example, we showed that stage I and II present the same spermatogonia and spermatocytes with similar morphology but now with the HRLM method they can be precisely distinguished by the development of the acrosomal system. In man, the occurrence of multi-stage seminiferous tubules associated with absence/presence of germ cells in an unexpected location, hampers cell distribution in more than six well-defined associations in the SE. Therefore, taking such irregularities into account, the maintenance of germ cell associations in fewer stages decreases their germ cell dispersion favoring their classification and preventing rejections of seminiferous tubule areas due to the inability of classification. Thus, the proposed distribution of germ cells into six cellular associations is consistent and provides a complete analysis along all the SE, without skipping tubules and/or areas. This approach based on six stages in association with our present findings decreases the possibility of sampling errors in morphofunctional studies on human testis parenchyma.
The lack of a distribution pattern of the SEC frequency in human is noted in different studies. For example, the stage frequency obtained by Clermont (1963) was remarkably distinct from that obtained by Heller et al. (1969) . These differences in SEC frequency can be a reason why this important information, which helps to understand the germ cells behavior, has not been used in studies involving morphological and morphometric parameters of the human testes. Here, we demonstrated that a better redefinition of the stage frequency, based on the association of acrosome development (stages I-IV) and spermatogonial and spermatocytary positioning, is helpful to evaluate spermatogenesis kinetics with confidence and repeatability. In fact, the confidence intervals (95%) for the relative frequencies of stages I-VI obtained by Clermont (1963) were high when compared with those found here. While the variability around the means of Clermont (1963) frequency were 30, 35, 100, 63, 30 and 40% for stages I-VI, correspondingly, in our study they varied 15, 20, 13, 14, 12 and 52%. In our view, this discrepancy is likely due to the difficulty in establishing stage boundaries, which was promptly established after HRLM. Some of the most contrasting frequencies observed when comparing our study with the literature (Clermont, 1963; Heller et al., 1969) were between stages IV (21 and~11%, respectively) and V (21 and~26%, respectively). Such discrepancies may be explained by the inability to distinguish between elongating (Sb) and elongated (Sc) spermatids in previous studies.
By evaluating the variability of stage frequencies among patients, we noticed that they are very small, providing evidence that the stages distribution is very homogeneous and did not differ statistically independently of age. Thus, this small dispersion of the stage frequency among patients confirms the repeatability and reliability of the HRLM method for morphological germ cell recognition and staging. However, despite the high morphological quality, this method does not allow studies using immunohistochemical markers since glutaraldehyde fixation associated with araldite embedding prevents epitopes exposure. A recent study in mice (Albuquerque et al., 2014) has morphologically identified different spermatogonial subtypes at the HRLM level by using low concentrations of glutaraldehyde associated with LR White embedding, a hydrophilic plastic resin. Simultaneously, it was possible to detect by immunostaining the BrdU incorporation in dividing spermatogonia. Thus, if effectively applied in human testis, this method could be a powerful tool to evaluate germ cell cycle during the stages of the SEC at a high-resolution level.
Testes preparations using superior quality protocols per se do not achieve adequate resolution to distinguish cytological details in light microscopy. The use of a suitable microscope and its proper fit is highly recommended, applying standard Koehler illumination. As digital images of the germ cells are static, they do not show all details the observer can see in a properly adjusted microscope. In fact, some of the cellular details described in the present study (e.g. nuclear features), are not easily seen in the micrographs, since they are better enhanced in live images, when the focus can be adjusted in different parts of the organelle, evidenced by its constant up/down movement, even in semithin sections. Moreover, care must be taken regarding certain slight morphological diversity between patients due to fixation and some heterogeneity of sectioning thickness and staining. Even rigorously using the same processing methods, sometimes the germ cells are not exactly alike, although they do resemble. In these cases, all germ cell types should be studied in a comparative way with the default morphology, creating a new, but similar, pattern before starting any confident morphofunctional evaluation of the spermatogenesis.
Nowadays, despite some controversies, the andrologists have used histopathological scores (Five Pattern, Johnsen and Bergmann) for diagnosing testicular disorders (McLachlan et al., 2007) . These methods are relatively simple to perform, accounting for the general state of spermatogenesis and to guide a medical evaluation for clinical purposes. However, these scores are not sufficient for understanding complete spermatogenesis alterations. Our HRLM method shown herein does not superimpose the routine methods used in clinical andrology. In turn, the refined morphological details, shown after high resolution, aim to support scientific studies of spermatogenesis behavior attempting to unravel the causes of innumerous testicular damages that are still not solved up to this day. Thus, the knowledge obtained through this more sophisticated method can indirectly help the understanding of histopathological conditions in the human testicle, which are evaluated through conventional histopathological methods.
Taken together, the ability to describe the cytological details of the germ cells at high resolution through HRLM allowed precise definition of the limits between consecutive stages of the SEC in man, thus determining with confidence their relative frequency. We hope that these findings may encourage researchers to apply this method to better understand the kinetics of this complex and poorly understood process, being a useful tool to investigate pathological conditions in human testes and to help clinical andrology.
Supplementary data
Supplementary data are available at Human Reproduction online.
